Introduction {#sec1}
============

Ulcerative colitis (UC) is classified as an inflammatory bowel disease (IBD) together with Crohn's disease and indeterminate colitis. This group of diseases is characterised by multifactorial etiopathogenesis -- including genetic predisposition, immunological disorders, and environmental factors; however, the relationships between them are still unknown \[[@cit0001], [@cit0002]\]. Ulcerative colitis incidence in Europe is about 10 new cases per 100 thousand people annually and still rising, especially in young adults \[[@cit0001]--[@cit0003]\]. In UC, chronic inflammation of the mucous membrane of the large intestine can be observed. It is characteristic that the lesions are continuous, starting from the rectum, and that there are alternating periods of exacerbation and remission \[[@cit0001], [@cit0004]\]. Depending on the extent of lesions, three types of UC can be distinguished: proctitis (E1 according to the Montreal classification), left-sided UC (E2 -- lesions extending from the rectum to the splenic flexure), or full involvement of the large intestine (E3 -- extending from the rectum to the colon proximally to the splenic flexure) \[[@cit0005], [@cit0006]\]. The activity of the diseases is assessed based on both clinical and endoscopic criteria. The most commonly used scale is the Mayo scale, which includes both elements \[[@cit0005]\]. According to the ECCO criteria, severe UC is defined as the presence of six or more loose stools with blood per day (obligatory criterion) and tachycardia (\> 90/min) or high temperature (\> 37.8°C), or anaemia (haemoglobin \< 10.5 g/dl), or elevated erythrocyte sedimentation rate -- ESR \> 30 mm/h. Early recurrence is defined as symptoms occurring less than 3 months since the last remission of UC \[[@cit0005]\].

The main goal of therapy is to reach clinical remission, confirmed on endoscopy and not requiring steroids. In patients receiving basic treatment (mesalazine, steroids, thiopurines), in whom steroid-free remission has not been achieved despite therapeutic doses of thiopurines, as well as in patients who do not tolerate immunosuppressive treatment or in whom it is contraindicated, biological therapy with infliximab, an anti-TNF-a agent, should be considered \[[@cit0002]\]. Biological treatment in rescue therapy reimbursed by the NFZ in Poland included three doses of infliximab. After approval of a biosimilar drug to infliximab by the EMA, the reference drug, Remicade^®^, and biosimilar drugs, Inflectra^®^ or Remsima, have been interchangeably used at various facilities \[[@cit0002]\].

Aim {#sec2}
===

The aim of the study was to investigate the efficacy and safety of the biosimilar product (Inflectra^®^) compared to the reference drug (Remicade^®^) in rescue therapy in adult patients with acute severe ulcerative colitis, and to assess the recurrence rate during a 6-month observation period. The following were evaluated in both groups: Reaching: clinical response,clinical remission,mucosal healing.Assessment of relapse rate and need for repeated biological treatment.Side effects of biological treatment.

Material and methods {#sec3}
====================

The studied group consisted of 83 patients with UC hospitalised in the Department of Internal Medicine and Gastroenterology of the Central Clinical Hospital of the MSWiA in Warsaw between March 2013 and September 2015. All patients were enrolled into the NFZ Therapeutic Program, according to the same criteria for rescue therapy. For the study, patients older than 18 years were enrolled presenting with severe ulcerative colitis, in whom cyclosporine was not indicated or even contraindicated: with insufficient response to standard treatment including corticosteroids with 6-mercaptopurine (6-MP) or azathioprine (AZA) (score \> 6 points on the Mayo score), or not tolerating treatment with corticosteroids and 6-mercaptopurine (6-MP) or azathioprine (AZA), or having contraindications for treatment with corticosteroids and 6-mercaptopurine (6-MP) or azathioprine (AZA). Ineffectiveness of standard treatment of severe UC was defined as failure of a 3- to 5-day course of intravenous steroids.

Patients were given either of two medications: Remicade^®^ (28 patients) or Inflectra^®^ (55 patients). The activity of the disease was assessed at the qualification for treatment, after the finish of rescue treatment, and after 6 and 12 months of observation.

In each patient, sigmoidoscopy was performed at the moment of qualification, as well as after finishing the induction treatment (after three doses). For endoscopic and clinical evaluation, the Mayo score was applied.

Four patients (two from each group) were excluded from the analysis due to lack of evaluation of mucosal healing after the finish of therapy.

Clinical remission was defined as obtaining a maximum of two points in the Mayo score after treatment; however, no component could exceed one point. Clinical response was defined as a three-point decrease, compared to initial rating in the Mayo score (at least 30% overall), with at least one point reduction for rectal bleeding, which at the same time could not exceed one point after treatment. Endoscopic remission was defined as reaching the physiological image of the mucous membrane -- zero points in the Mayo score.

Statistical analysis {#sec3.1}
--------------------

For statistical analysis, descriptive statistics were used including the median, 25^th^ and 75^th^ percentiles, and mean values with standard deviation and range, Student's *t*-test for differences between groups for quantitative variables with normal distribution, *U*-Mann-Whitney test for variables with normal distribution, and c^2^ test. Statistical significance was assumed for *p* \< 0.05.

Results {#sec4}
=======

No statistically significant differences between the two groups (Remicade^®^ or Inflectra^®^) were noted with respect to age, gender, disease duration, extension of lesions (pancolitis or left-sided colitis), additional drugs, and tobacco smoking ([Table I](#t0001){ref-type="table"}).

###### 

Characteristics of the studied group

  Parameter                              \%   *N*
  -------------------------------------- ---- -----
  Female                                 37   31
  Male                                   63   52
  Disease duration \< 10 years           76   63
  History of biological treatment        24   20
  Pancolitis ulcerative colitis          69   57
  Left-sided ulcerative colitis          31   26
  Extraintestinal manifestations         33   27
  Tobacco smoking                        5    4
  Steroid-dependence                     96   80
  Steroid-resistance                     4    3
  Steroids during biological treatment   76   63

In the patients, clinical response was observed in 78%, while clinical remission was observed in 35% ([Table II](#t0002){ref-type="table"}). Mucosal healing, defined as 0--1 Mayo score, was reported in 36 patients, which was 46% of the total number of patients. Full endoscopic remission, defined as 0 in Mayo score was observed only in 11 patients, which was 13.9% of all patients.

###### 

Efficacy of induction with infliximab in the entire population of patients

  Parameter                      \% of patients (*n*)
  ------------------------------ ----------------------
  Clinical response              78 (62)
  Clinical remission             35 (28)
  Mucosal healing -- Mayo 0--1   46 (36)
  Mucosal healing -- Mayo 0      14 (11)

Statistically significant differences between groups treated with Remicade^®^ vs. Inflectra^®^ ([Figures 1 A](#f0001){ref-type="fig"}--[B](#f0001){ref-type="fig"}), regarding: clinical response (81% vs. 77%), *p* \> 0.05; clinical remission (42% vs. 32%), *p* \> 0.05; mucosal healing (15% vs. 13%), *p* \> 0.05; endoscopic remission (13.8% vs. 13.2%), *p* \> 0.05 were not observed.

![**A** -- Efficacy of induction treatment -- comparison of both drugs, **B** -- efficacy of induction treatment -- comparison of both drugs according to Mayo score criteria](PG-12-30724-g001){#f0001}

Relapse occurred in 68% of patients ([Table III A](#t0003){ref-type="table"}). It must he highlighted that about half of the patients (51%) reported relapse very fast -- within 3 months of finishing treatment. In the long-term perspective, exacerbation occurred in almost all (91%) of the studied patients within 12 months after finishing biological treatment. In both groups, the relapse rate was similar (75% Remicade^®^, 64% Inflectra^®^) ([Table III A](#t0003){ref-type="table"}, [Figure 2](#f0002){ref-type="fig"}).

![Follow-up with respect to the drug used -- 6-month observation after induction treatment](PG-12-30724-g002){#f0002}

###### 

Follow-up of all patients -- 6-month observation after induction treatment (A), follow-up with respect to the drug used -- 6-month observation after induction treatment (B)

  A                                    
  ------------------------------- ---- -------
  Within 3 months                 51   28/55
  Within 6 months                 64   35/55
  Within 12 months                93   51/55
  **Treatment of flare**               
  Repeated steroids               73   40/55
  Surgery                         9    7/55
  Repeated biological treatment   19   15/55
  Clinical study                  11   9/55

  B                                                     
  ------------------------------- ----- ---- ----- ---- ------
  Exacerbation                    75%   21   64%   34   0.64
  Repeated biological treatment   21%   6    17%   9    0.83
  Exacerbation \< 6 months        67%   14   62%   21   0.86
  Referral for colectomy          25%   7    23%   12   0.90

Statistically significant differences concerning the safety of both drugs have not been proven. Complications during induction treatment were observed in 7 patients from both groups, and they occurred with similar rates in both groups ([Table IV](#t0004){ref-type="table"}). Allergic reactions occurred in 3 patients from the group treated with Inflectra^®^ (5.5% of the treated patients) and in 1 patient the from the group treated with Remicade^®^ (3.5% of the treated patients). All four patients presenting with allergic reaction were treated with anti-TNF drug at least once in the past. Psoriasis induced by Infliximab occurred in 1 patient treated with Inflectra and 1 patient treated with Remicade^®^. One patient treated with Inflectra^®^ was diagnosed with serum sickness. Statistically significant differences between the drugs have not been proven.

###### 

Adverse reactions during induction treatment

  Parameter            Remicade^®^ (*n* = 28)   Inflectra^®^ (*n* = 55)
  -------------------- ------------------------ -------------------------
  Allergic reactions   3.5%                     5.5%
  Psoriasis            3.5%                     1.8%
  Serum sickness       0                        1.8%

Discussion {#sec5}
==========

Biosimilar drugs, after being accepted by the EMA, were introduced to the Polish market in 2015 for both children and adults. The first study evaluating their efficacy and safety was published by Sieczkowska *et al.* in JCC \[[@cit0007]\].

The pharmacology of biopharmaceuticals is definitely more complicated than other drugs routinely used in IBD. They are complex, three-dimensional molecules with high molecular weight produced by living cells. The production is complex and multi-stage, and furthermore, it is not possible to produce a drug that is 100% identical to the reference agent \[[@cit0008], [@cit0009]\]. Therefore, biosimilars should not be thought of as simple generic drugs -- each drug has different biological properties, particularly immunogenicity \[[@cit0008]--[@cit0010]\]. For that reason, immunological issues were raised before introduction to clinical practice, especially considering the safety -- rate of side-effects, particularly of severe allergic reactions. Another aspect is the potential to produce antibodies against the drug, which prove important in the case of supportive therapy (secondary loss of response). All of the above-mentioned aspects resulted in physicians being anxious to use them in everyday practice, which has been proven in a study on German gastroenterologists \[[@cit0011]\]. On the other hand, biosimilar products have been successfully used in other fields of medicine, especially in rheumatology. During registration of the biosimilar in Europe, the indications have been extrapolated from positive study results on patients with rheumatic diseases.

The results of our study prove that the biosimilar product is as effective in inducing remission of severe ulcerative colitis. The results of the most recent observational studies have been presented in the meta-analysis published in *Alimentary Pharmacology & Therapeutics* in 2017 \[[@cit0012]\], which included a dozen studies on the efficacy of biosimilar drugs both in UC and CD. The analysis covered over 800 patients, and the safety profile was investigated. The clinical response in week 14 was obtained in 74% of patients, and our result was very similar (77%). In other studies from the last year, a slightly higher rate of clinical remission in week 14 was reported when using the biosimilar (56%, Jahnsen *et al.*), although in a small group of 32 patients \[[@cit0013]\], and 47% (Farkas *et al.*) in a group of 63 patients \[[@cit0014]\]. An important parameter is also full healing of the mucosa in week 13, based on which the effectiveness of treatment is more objective and the prognosis is made as to the development of the disease. In the last study, the parameter was higher compared to our results (27%, Farkas *et al.*), at 13 and 15%, respectively (assuming mucosal healing equivalent to a Mayo score of 0 pts). Also, Czech researchers assessed a smaller group of patients (*n* = 29) twice and proved a higher mucosal healing rate -- 27.7% \[[@cit0015]\].

The lower efficacy was probably due to the fact that patients with more severe disease are enrolled in the NFZ Therapeutic Program. However, it is important that we did not observe differences in effectiveness between the two products. Also, Irish authors reported similar efficacy of the original drug and the biosimilar this year in an observational study in JCC \[[@cit0016]\]. An additional aspect was the safety of the biosimilar compared to the reference drug. The side effect rate was estimated to be 8% in the previously mentioned meta-analysis and 7% in our study (allergic reaction in patients who had previously been treated with anti-TNF agents). It was important that we did not observe any statistically significant differences in complication rate between the two groups. Also, the data presented by us are not sufficient to assess long-term outcomes of the biosimilar, and we did not evaluate immunogenicity, which is important for potential secondary loss of response.

Application of biosimilars in everyday practice also has a strong influence on pharmacoeconomics \[[@cit0017], [@cit0018]\]. The decision to use infliximab is, in Poland, made by intrahospital tender, while in other countries such as Norway, the tender is conducted at the national level by national institutions. Introduction of a biosimilar to the Scandinavian market heavily influenced IBD therapy in Norway, Denmark, and Sweden \[[@cit0019]\]. In Norway, the biosimilar is 60% cheaper than the reference drug. In the 3 years since its introduction, it reached 90% of Norwegian market, similarly to Denmark. In 2015, the Norwegian healthcare system managed to save 13.2 million euro due to the lowered price of the biosimilar and 3.9 million euro by lowering the cost of the reference drug. Another objective argument in favour of biosimilars is the fact that in 2016, 25% more ampules of the biosimilar were purchased compared to 2015 \[[@cit0019]\]. It definitely affected the accessibility to treatment and greater elasticity in long-term supportive treatment. We should bear in mind that those are among the richest countries in the world with immense financing of the healthcare system per capita.

Polish patients enrolled in the NFZ Therapeutic Program are characterised by severe course of the disease compared to patients in Western Europe, where the access to treatment is easier, quicker, and less regulated. Therefore, it is cost-effective to prolong treatment because only a small percentage of patients reach mucosal healing, which is one of the most important risk factors. Based on our observations, in 93% of patients the relapse occurred within 12 months of finishing induction treatment. The lack of possible long-term treatment means that, in patients with severe course of the disease, the biological treatment can be administered only after the period determined by the NFZ (16 weeks since last dose), which can lead to ineffectiveness of treatment or allergic reactions \[[@cit0008]--[@cit0010]\].

It should be remembered that the lack of the achievement of mucosal healing is associated with higher colectomy rate in the first year, which results in higher costs of hospitalisations, potential surgical interventions, and absence from work reaching months or sometimes leading to a lay-off \[[@cit0020], [@cit0021]\]. Considering long-term observations, costs are even higher compared to the drug itself, not even mentioning the patient's quality of life \[[@cit0022]--[@cit0024]\], risk of cancer, declining fertility rate, etc. Introduction of biosimilars indirectly affects all the presented aspects, as previously shown in the Nordic countries.

Based on the data presented, we can confirm the efficacy and safety of short-term UC therapy with the biosimilar compared to the reference drug, not only in induction but also during a 6-month observation. At the same time, it must be concluded that lower mucosal healing rate in both groups and high recurrence rate shortly after finishing the induction treatment indicate the need for prolonged therapy in patients with severe UC.
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